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COMPLETE SPECIFICATION 

Improvements in or relating to methods of producing Electrically 
Conductive Mouldings from Plastics 
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We, N. V. Phillips' Gloetjlampen- 
FABRIEKEN, a limited liability Company, 
organized and established under the laws of 
the Kingdom of the Netherlands, of 
Emmasingei 29, Eindhoven, Holland, do. 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to the manufacture ot 
electrically conductive articles from plastics. 

Ifxonductive articles are to be produced in 
a known manner by moulding plastics i.e. 
polymerisation and condensation products 
whether or not capable of being hardened, it 
is necessary to add to the plastics a consider- 
able quantity of conductive filler, for example 
metal powder or carbon. In order to obtain a 
satisfactory conductivity, the conductive 
material should amount to approximately 
50% by weight or more of the total mass. 
Due to this, the mechanical properties of such 
mouldings, in comparison with mouldings 
without conductive filler, will be far worse. 

In accordance with the invention, conduc- 
tive mouldings having satisfactory mechanical 
properties are obtained by reducing plastics 
to grains, the individual grains being pro- 
vided with electrically conductive coatings 
and the powder thus obtained being subse- 
quently pressed to mouldings while heating. 

In this case, deformation of the plastic 
grains and consequently also of the conduc- 
tive coatings occurs, but in spite thereof a 
continuous network of conductive layers is 
obtained, which is comparable to a honey- 
comb. The bond between the grains is 
established, it may be assumed, by the 
plastics as a result of slight damage to the 
conductive coatings caused during the mould- 
ing operation^ 



This method has the special advantage 
that, averaged over the whole mass, a 
quantity of conductive material of only a few 
per cent, is sufficient. 

The conductivity of products according to 
the invention is controllable by the choice of 
the size of grain of the plastics, by the thick- 
ness of the conductive coatings on the grains, 
by the choice of the conductive material and 
of the temperature, pressure and time in 
moulding. " 

Excellent results are obtained if the plastics 
are pulverized to grains of 0.3 mm and 
smaller. The plastics may, for example, be 
reduced to grains by powdering or cutting, or 
again by drying drops of a solution. Alter- 
natively granular plastics obtained by sus- 
pension polymerisation may .be used. 

As conductive materials use is preferably 
made of metals such as silver and copper, or 
of carbon. . 

The conductive layers may be applied in 
many different manners onto the plastic 
grains. Silver, copper and nickel may, for 
example, be precipitated from a solution by 
means of a reducing agent. As an alternative, 
the conductive layer may be obtained by pre- 
cipitating the conductive material from a 
suspension. Sometimes, for example in the 
case of carbon powder and also in the case 
of copper powder, obtained by reduction of 
copper compounds, a conductive : layer, may 
be obtained on the grains by carefully rubbing 
a mixture of the powders together in a dry 
state. Further, in the case of carbon, by 
rnixing grains of plastic with? a suspension of 
graphite the grains of plastic may be coated 
with a layer of graphite. The rubbing of 
carbon' and copper powders* with plastic 
grains may be carried out, for example, in a 
ball mill. In this case ir is important that hard 
and heavy balls which would grind the mix- 
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ture are nor used. Only balls, such as wooden 
balls which are soft and light may be used. 

In order that the invention, may be readily 
.carried into effect, a number of examples will 
. now be described in detail.. , . 
A Example I. -" -•.""**- V 

. 15 gms. of polystyrene Tin .the form of a 
suspension-polymer with a gcain. diameter, of 
"approximately -0.04 nun are ^eatea^sitfr a 
mixture, of 20 ccs. of a- sttvering- solution 

S^V 69 ?* of A S m » -gms. of 

:NaOH and 48 ccs. of concentrated ammonia 
.per litre) and -1 ccs. of a reducing liquid (190 
^ms. cane "sugar, 370 ccs; of alcohol of 96i% 
and 3 "ccs. -of concentrated nitric acid per 
. litre). .After two hours the severed -polystyrene 
grains, are separated by Altering .and /washed 
with water; A rod moulded from tins material 
'•at. 170° C and under a pressure of 10Q 
kgms/cmf had a specific resistance of 20cm, 

Example IL-J 
- For coppering 4 "gms. of pofymethylacryhc 
methylester with a gram : diameter "of . 15-: 
.microns, iise;is made.-ofk- "mixture of three 
. solutions A, B and C in. q~uan'tm*es-of :13 ccs.; 
'53 ;ccs^. : ;aM.4p ccs; r^eciiyel^ The com- 
position of solution A % .50 #ris, of copper 
; acetate, 200: ccs. of concentrated ammonia^ 260 
- ccs. of :<Estilled. water; -that of solution B is- 
}17,5 gms> of - KOH; -110 ccs- of distilled . 
; water; - that qf solution. C is 15 ccs. of 
.: irydrazine J^drate, 39 ccs.. of disced- water. 
3ihe (x>ppex is precipitated ; orL. the grains" of 
the polymery treabiiehf with - the mixture , 
-qf.tiie soluuohs for two 'hours while heating* 
' on a water-=bafh. A.rod ;pbtaihe^ the. 
. ; copper-plated : "grains :by inoulding at 170 °~ C. = 
...,and imder a-piessure-pf 400 igms/cin^ had a 
specific resistance of i40ftchi; -V.- V 

i^V^' ExAAiPLE nr. : -y 
• polymer grains"" are- mc^ 
• use of a mixture of three solutions A, B arid : 
. C ^"maahtities of 30 ccs;," 30; c^and 6 ccs. 
^lespectively, decomposition of "solution A is 
SOj^s;^ of con- 

cehtrated ammonia, 360- "ecs.r.oj; m'stflled 
:cwa^er: ^Solution: B is ' a ~2&%. : solution : of 
hydrazine^ hydrate solution, . soj&^on-' C being 
a 0. 161% 1 "solution of * ptossfum platinum- 
chloride whicli;acts as=a. catalyst 5- gm&'-af 
powdered . ^S^yfm-hm^: ^' -}ga^ size of- 
approximately 6.04 infcf«£ ^treated for -one 
-hour at 75^:C:^^'^^aA'^'i^'aolx^- 
tions, A .rod lirioulded at 170° C/and under 
,a -pressure ^of ,100 . kgms/cm^.'iiad ^^speeffic 
resistance of a^"roximan%"6.5ficmV " : • 
-'• *" : -J J- ^Example ;2PT;"V * ;rr?' " 
. 30 . gms; of .granular r poi^^ene' T are care- 
,fuUy rubbed -together wrthl 5 imsVof Ophite 
powder for .half an' hour.- while Seating -to 
.150- C, thus" covering •the^l^ryrene grains 
with Jayer^^f;; ^P^^/^phite, jiot 



bound may be removed -by sieving "out or by 
• shakmg/out = witb water/ Analysis proved that 
.the carbon covered polystyrene grains - con- 
tained only JL5% xrf graplnm..Alouidme at 
a Temperature of 170° C and under a pres- 
. -sure of 100 kgms/cm 2 yielded a .ipd having 
a. specific resistance of 540cm. ' ". 7 

... ->_A . .Example ^ ;• .- *« - % " 

— . 20 gmi.'.tf an ureaformaldehyde moulding 

- powder. Tnth a grain diameter smaller than 
0.15;mm; -are ;-caref|]U7-:rvbbed-.«o^er for 

:one hour with .600, mgms. .bf carbon powder 
-in a 4>all " *hilK with wooden balls, sub- 
. sn^tiaUy.me whole -^antity of carbon beine 
~*dsorbed:at the surface of the grams. A rod 

1000 k^ns/cm 1 . had a. sptd&c resistance of 
. 15012cm. . - 

' l"! j "T ~ -ExAMPii' yi; : 
^-,25: gnis. bf .fi .granular ^ynmetic rubber 
mixture having a com^sition of 200 gms. of a 
. copolymer of butadiene with*-, acrylonitrile, JQ 
".gns.vof :zinc oxide,. 3 gms, of tetramethyl 
jmuram. disulphide,- 2.5 . gms, of- -iulphur, 1 

phthakte are cait^y-rubbed" mgethei: with . 
2.5 ^as. ; r^aphite-powdei m a ball ^.with 
wooden .balk---VtJ^isah 4 Ctt^ 
coaled ^rams under. a-pze^'^lboVWu/'- 
^anf^at 150°^^ "20- nunutes- yield^ an : 
elastic .conductive product havings a. specific '-" 
-resistance. of- 2000OcmV /- '- X- /. 'v - -." 
. : .r "•• • ; , ;: * - - . Example : yn. : 1 ;^ 
; /Graiula/ ^polyymyl .^oricte: hk^g-a cboA- 
;. tem of^plasticistt 0f 50%- averaged; orl poly- 
. Wl;:cWoricle : fe OTbbed:-careft% -- with -10% 
coUoidal graphite:. After moidomi at 450 d 
" £ a^uater a pressure of .100 igms/cm 3 
. .^ jar>m coated ^"gramJ.yidded i.conductive 

fb^r^S ^ *^?! / ^ : 

r v Exampeb VIH ~: 

-Granular ^alme : : cmpi: : resirI-o iby 
, ^ -Partial., condensatfon-of eiesol ^witti -an 
aldehyde 'm an: |Jlalu2e . .sdhinon, >to- which 

ine% ene tetramm^^is .xogted with: carbon by 
care^^nibomg " the:^ ;and:^aphite 10- 
gether.m a;baU,mill with^ooden . Sails. The 
car|ron- coated resin -^grain^^are ^heh^presseS" 
^dcr^ m^essm^pf JOOad^cm^ "fiVe 
' ^^.^lZ0 p a- tp pJa4v2;rnW:--m 
id'^T:- ' : °^^-Sain 'anj idea-df'^ 
,tte.mflnence.;exei^'by;the size -of. ^^dxi on 
X^:«5n** th¥ Ja^r' was. 
measure^, on , plates -H^: a : ^urface of i):8. 

: .and- ob&med froiri ^raffis '% different 
sue; and, - shghtly- ,varyuig;/ -^ 
Moreover, : several: -mechanical .characieristics 
^ere i measul^^!^K^te of these TO easure- 
.mmts^are.stated 'hf : tfie *Uowing ibfcxv . :^T. 
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Grain Diameter 

in mm. '% carbon 



0.3 to 0.6 9 8 

5 0.3 to 0.21 9.9 47 

smaller than 0.21 12.5 200 

What we claim is: — 

1. A method of producing electrically con- 
ductive mouldings from plastics, characterized 
10 in that plastics are reduced to grains, the 
individual grains being provided with con- 
ductive coatings and the powder thus obtained 
being subsequently pressed to mouldings while 
heating. 

15 2. Moulding produced by the method claim 



Impact Impact Bending 

Strength Bending Strength 
kgcm/cm 2 kgcm/cm* kg/cm 

0.69 2.6 310 

0.69 2.6 310 

1.2 7.0 510 

in claim 1. 

3. A method of producing electrically con- 
ductive mouldings substantially as described 
in any one of the examples given herein. 
T. D. THREADGOLD, 
Chartered Patent Agents, 
Century House, Shaftesbury Avenue, 
London, W.C2j, 
Agent for the Applicants. 
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